presence of alkyl substituents on the phenolic ring do not alter deiodination.
Tracer experiments in spontaneously ketotic cows have indicated defects in the reductive synthesis of milk fat from acetate and in the oxidation of glucose (Kronfeld, Kleiber & Lucas, 1959; Tombropoulos & Kleiber, 1961) . Serum concentrations of metabolites were thought by Bach & Hibbitt (1959) to reflect interference with the citric acid cycle, notably with those reactions in which pyruvate and oc-oxoglutarate are converted into citrate and succinate respectively, These impaired oxidative and reductive reactions all involve the nicotinamide-adenine nucleotide coenzymes. For this reason postulated that the simplest explanation for the concurrence of these metabolic defects in acetonaemia would be a shortage of all forms of these nicotinamide coenzymes. Alternatively, a primary defect in any one of these reactions could lead to defects in the others: for example, a primary defect in lipogenesis would be expected to lead to the accumulation of reduced forms of the coenzymes and a depletion of oxidized forms, and hence secondary impairment of the oxidative reactions in the pentose and citric acid cycles. A direct approach to possible causal relationships among these defects appeared to be the determination of nicotinamide-adenine nucleotide concentrations in the ketogenic tissue, in this case mammary gland . A preliminary report has been presented (Kronfeld & Raggi, 1963) .
METHODS
Coenzyme a88ay. Our fluorimetric assay follows that of Bassham, Birt, Hems & Loening (1959 Table 2 ). The F test showed that variance between assays was highly significantly larger than variance within assays (Table 2 ). Blood analy8is. Jugular blood samples were collected by using fluoride-oxalate anticoagulant. They were centrio fuged at 600g for 30 min., the packed-cell volume was /oz read, and the plasma was tested semi-quantitatively for acetone plus acetoacetate (Dumm & Shipley, 1946) . The plasma was then frozen until the subsequent determination of glucose (Campbell & Kronfeld, 1961) and of nonesterified fatty acids (Annison, 1960) .
Cow8. Six cows were purchased from farmers on a veterinarian's diagnosis of primary spontaneous uncompli-6 cated acetonaemia. Each cow was transported to our Clinic by ambulance, and left for a few hours until quiet. A blood sample was taken and then the udder biopsy was sing amounts of performed. Medical treatment was commenced the ry homogenate: following day, except with the cow K4, which was showing no clinical signs or ketonaemia (Table 3) . Cow K5 was 
RESULTS
The results of coenzyme assays are listed in Table 3 . Any therapy that brought about clinical recovery resulted in a marked increase in nicotinamide coenzyme concentrations. The main differences between control and acetonaemic cows are easier to see in Table 4 : concentrations of all forms of the nicotinamide-adenine nucleotides are much lower than normal during acetonaemia. If 'atypical' cases are also considered, the difference between their total coenzyme concentration and that in normal animals remains highly significant, but individual coenzyme concentrations are not consistently lower. For example, in cow K4, the NADH2 concentration was higher in the first assay (540,um-moles/g. of protein) than in either of the subsequent assays (367 and 377 ,um-moles/g. of protein) (Table 3 ). There is little difference between the ratios of oxidized to reduced forms of the coenzymes in normal and ketotic cows (Table 5 ). The stage of lactation did not appear to affect the coenzyme concentrations (Fig. 2) .
DISCUSSION
The results clearly support the hypothesis that the oxidative and reductive defects in carbohydrate and fat metabolism that occur together during acetonaemia are associated with a shortage of the nicotinamide coenzymes which are involved in the impaired reactions. Nicotinamide is produced in the rumen (McElroy & Goss, 1941) and in ruminant tissues (Johnson, Wiese, Mitchell & Nevens, 1947) , and it is often assumed that ruminants would not suffer from a shortage of this vitamin. However, the rate of nicotinamide production has not been estimated, and may not always match its outflow in the milk, which is about 850 mg./l. (Spector, 1956) . Highly productive dairy cows are prone to acetonaemia, and this has usually been attributed to a drain of carbohydrate (see, for example, Shaw, 1956), but it could just as likely involve a drain of other essential substances, including vitamins. In a very limited number of cases, we have found that nicotinic acid or nicotinamide given intravenously or intracisternally has been followed by a decrease in the ketonaemia and ketonuria (with less striking effects on the hypoglycaemia and clinical signs). It thus appears possible that the low coenzyme concentrations may be due to failure of absorption of the vitamin from the digestive tract. In any case, the formation of the entire group of nicotinamide-derived coenzymes, rather than the conversion of oxidized into reduced forms or vice versa, emerges as a problem in the metabolic basis of bovine acetonaemia.
We have assumed that a low concentration of the coenzymes is a sign of a 'shortage', and that it would exert a regulating or rate-limiting effect on the reaction involved. The latter appears to be well established for the pentose phosphate pathway, which is regulated by the supply of NADP in rat mammary gland (McLean, 1960) . On the other hand, the problem of rate-regulation of lipogenesis from acetate is fraught with controversy. This has probably been accentuated by the study of various preparations of cell fractions, which might not precisely reflect the responsiveness of the intact cell. For example, the fatty acid-synthesizing Only assays on five typical cases of acetonaemia (see Table 3 ) and six apparently normal cows are included.
Concentrations are given as means+s.E.M. Table 5 . Ratio8 of oxidized to reduced form8 of nicotinamide coenzymes in mammary homogenates
Only assays on five typical cases of acetonaemia (see Table 3 ) and six apparently normal cows are included (as in Table 4 ).
Ratio of means (from Table 4 a highly significant low concentration of NADPH2 in mammary-gland homogenates from ketotic cows. These two items fit with the concept that a shortage of NADPH2 might be a factor contributing to the lipogenic defect in ketotic bovine mammary gland. If this lipogenic defect were due entirely to some other cause, NADPH2 might be expected to accumulate, and this was not found in the ketotic homogenates. The possibility that a low NAD concentration might limit the rate of oxidative decarboxylation has not received as much attention. Bach & Hibbitt (1959) , on finding abnormal serum concentrations of citric acid-cycle intermediaries in ketotic cows, suggested interference with oxidative decarboxylative reactions, and suspected deficiency of enzymic cofactors, such as coenzyme A and adenosine triphosphate. Since oxidative decarboxylation also requires NAD, and since we have found a low concentration of this coenzyme, its deficiency should also be suspected of contributing to the impairment of these oxidative reactions. SUMMARY 1. A fluorimetric method for assay of nicotinamide-adenine nucleotide coenzymes has been developed for mammary tissue. Modifications of a method previously described for rat liver were devised to minimize both loss of activity and the development of a yellow colour. The results obtained were then linear, recovery of added coenzymes was between 88 and 105 %, and precision ranged from 4 % of the mean for NAD to 13 % for NADPH2 -2. Six cows diagnosed as having spontaneous uncomplicated acetonaemia were purchased. Mammary biopsies were performed, yielding 5-10 g. of tissue, which was then assayed for the coenzymes. On the next day the cow was treated with glucose, dexamethazone or nicotinic acid, except for a doubtful case, which was not treated. When recovery of the cow appeared complete, one or two more biopsies and assays were performed to serve as controls.
3. Comparison of typical cases with apparently fully recovered cows showed that the concentrations of all forms of the nicotinamide-adenine nucleotide coenzymes was lower than normal during acetonaemia, although the ratio of oxidized to reduced forms was not changed. These results were interpreted to mean that a shortage of all forms of these coenzymes, rather than failure to convert oxidized into reduced forms or vice versa, is a metabolic difficulty in this disease. Such a shortage could provide a common factor for the impaired oxidative and reductive reactions which occur in bovine acetonaemia.
